We studied a kindred in which four third-trimester fetal losses occurred, associated with severe Coombs-negative hemolytic anemia and hydrops fetalis. Postmortem examination of two infants revealed extensive extramedullary erythropoiesis. Studies of erythrocytes and erythrocyte membranes from the parents revealed abnormal erythrocyte membrane mechanical stability as well as structural and functional abnormalities in spectrin, the principal structural protein of the erythrocyte membrane. Genetic studies identified a point mutation of the p-spectrin gene, S2019P, in a region of ,B spectrin that is critical for normal spectrin function. Both parents and two living children were heterozygous for this mutation; three infants dying of hydrops fetalis were homozygous for this mutation. In an in vitro assay using recombinant peptides, the mutant 8-spectrin peptide demonstrated a significant abnormality in its ability to interact with a spectrin. This is the first description of a molecular defect of the erythrocyte membrane associated with hydrops fetalis. (J. Clin. Invest. 1995Invest. . 95:1174Invest. -1182 
Introduction
Nonimmune hydrops fetalis (NIHF)' is an important cause of perinatal pregnancy loss, with mortality approaching 100% in some series (1) (2) (3) (4) (5) (6) (7) . The development and implementation of preventive methods for Rh hemolytic disease of the newborn has led to a relative increase in the incidence of NIHF in non-Asian populations (6) . NIHF has been associated with a myriad of conditions, but in many cases the etiology is unknown. Advances in both prenatal diagnostic and therapeutic techniques, as well as detailed pathologic studies, have combined to improve the understanding of the diagnoses in many cases (7) . This, in turn, combined with advances in neonatal care, has improved the outcome in some cases.
Hematologic disorders are responsible for -10% of cases of NIHF. This includes disorders of hemoglobin synthesis, primarily homozygous a thalassemia, selected erythrocyte enzymopathies, and parvovirus B 19 infection. Although abnormalities of the erythrocyte membrane skeleton have been suspected in cases of NIHF (8, 9) , only one well-documented case has been reported (8) . In this case, virtually absent synthesis of the erythrocyte membrane skeleton protein a spectrin was detected, although the specific molecular lesion responsible for the defect in protein synthesis is yet to be elucidated. Near-fatal neonatal hemolytic anemia has also been associated with cases of recessive hereditary spherocytosis and homozygous hereditary elliptocytosis/pyropoikilocytosis (HE/HPP) (10) (11) (12) (13) (14) (15) (16) (17) .
The erythrocyte membrane skeleton is responsible for maintaining the shape and deformability of the erythrocyte. Qualitative and quantitative disorders of membrane skeleton proteins have been associated with abnormalities of red blood cell shape including hereditary spherocytosis, HE, and HPP. A number of structural abnormalities of spectrin, the major structural component of the erythrocyte membrane, have been associated with HE and HPP (for reviews see references 15 and 18-21 ). Spectrin is composed of two structurally similar but nonidentical proteins, a and P spectrin. a and /3 spectrin are composed primarily of homologous 106-amino acid repeats that fold into three antiparallel a-helices connected by short nonhelical segments (22, 23) . a and 63 spectrin combine to form dimers, which in turn self-associate to form tetramers and higher order oligomers. These tetramers and oligomers form a lattice-like structure that is critical for erythrocyte membrane stability as well as erythrocyte shape and deformability.
This report describes a Laotian kindred in which four thirdtrimester fetal losses occurred, associated with severe Coombsnegative hemolytic anemia and extensive extramedullary erythropoiesis. Postmortem examination of two infants revealed overt hydrops fetalis. Studies of erythrocytes and erythrocyte membranes from the parents revealed abnormal membrane mechanical stability as well as structural and functional abnormalities in spectrin. Genetic studies identified a point mutation of the O-spectrin gene resulting in an amino acid replacement, S2019P, in the COOH-terminal region of erythrocyte , / spectrin (,61 31 ) that is critical for normal spectrin self-association. Both parents and two living children were heterozygous for this mutation. Three deceased infants, as determined by analysis of DNA encoding the mutation was amplified by PCR using an antisense primer that creates an ApaI site only when the mutant spectrin Providence allele is present. ApaI-digested amplification products were fractionated by electrophoresis in a 5% agarose gel. A band of 205 bp indicates a normal (ApaI-) PCR product, a band of 180 bp indicates a mutant (ApaI+) PCR product. The parents and two children, I-1, I-2, 11-5, II-6, are heterozygous for the mutation; three hydropic infants, 11-2, 1-3, and 1-4, are homozygous for the mutation. There is no digestion of normal control (N) amplification products. The relevant DNA sequences of the PCR primer and genomic DNA that form the basis for this assay are shown in C. obtained from autopsy material, were homozygous for the mutation. In an in vitro assay using recombinant peptides, the mutant P-spectrin peptide demonstrated a profound abnormality in its ability to interact with a spectrin. We have named this variant spectrin Providence.
Methods

Family study
Infants of the spectrin Providence kindred were products of an apparently nonconsanguineous mating of a Laotian couple ( Fig. 1 A) . Clinical and hematologic information regarding these infants is shown in Table  I . Of note is the fact that there was evidence of marked extramedullary erythropoiesis in the first four infants (Fig. 2 ), all deceased, with infants 11-3 and 1-4 exhibiting overt hydrops fetalis. Hematologic studies performed on the parents (Table 11 ) revealed that both parents had mild elliptocytosis and that the father was heterozygous for both hemoglobin E trait and a-thalassemia trait. Hemoglobin electrophoresis of a cord blood sample from infant II-3 and of a fetal blood sample from infant 1-4, obtained by fetoscopy at -27 wk of gestation, definitively excluded the diagnosis of homozygous a thalassemia. In addition, both of these fetal blood samples showed evidence of severe anemia. The fetal blood sample of infant II-4 was characterized by marked microcytosis, with a red cell size distribution significantly smaller than that of his mother, as displayed by oscilloscope readout of an electronic cell sizer (Coulter Corp., Hialeah, FL). Blood smear revealed marked microcytosis, spherocytosis, polychromatophilia, poikilocytosis with red cell fragmentation, and presence of numerous nucleated red blood cells. Serial antibody determinations, performed over the course of 10 yr on maternal blood, were negative. Further studies to determine the etiology of the hemolytic anemia and hydrops fetalis are detailed below.
Mechanical stability of erythrocyte membranes
Resealed membranes were prepared by a procedure adapted from Johnson (24) . The erythrocytes were washed three times in 5 mM Tris (pH 7.4), 14 mM NaCl and then lysed in 40 vol of 7 mM NaCl and 5 mM Tris (pH 7.4). The membranes were then pelleted by centrifugation, resuspended in 10 vol of 5 mM Tris, 140 mM NaCl (pH 7.4), and incubated for 30 min at 37°C for resealing. For mechanical stability measurements, 150 I1 of the membrane suspension was mixed with 3.5 ml dextran solution (290 mOsinol, pH 7.4, and viscosity 95 centipoise) and subjected continuously to 750 dyn/cm2 in the ektacytometer (25) . Under this stress, the membranes progressively fragment, generating undeformable spheres. This process is detected as a time-dependent decrease in the deformability index (DI). The rate of decline of DI is a measure of membrane mechanical stability.
Studies of erythrocyte membrane proteins
Erythrocyte membrane preparation and quantitation. Erythrocyte membranes were prepared from peripheral blood as described previously (26, 27) . Membrane proteins were separated by SDS-PAGE in 3.5-17% gradient polyacrylamide gels and stained with Coomassie blue. Spectrin/band 3 ratios were obtained by scanning the stained gels using the Personal Densitometer Laser Scanner (Molecular Dynamics, Sunnyvale, CA) and then calculating the total volume of protein/band using Imagequant software (Molecular Dynamics).
Limited tryptic digestion ofspectrin. Spectrin was extracted by incubating ghosts overnight at 4°C in low ionic strength buffer (28) . Limited tryptic digests of spectrin extracts were prepared as described (26) and separated by two-dimensional fractionation using SDS-PAGE and isoelectric focusing as modified by Speicher et al. (29) .
Study of spectrin self-association. The amount of spectrin dimers compared with spectrin tetramers in spectrin extracted from membranes under conditions of low ionic strength at 4°C was determined by nondenaturing gel electrophoresis as described (30) .
Molecular genetic analyses
Preparation of genomic DNA, RNA, and cDNA. DNA was extracted from 5-tIm thick sections taken from paraffin blocks prepared from autopsy tissue of three infants, 11-2, 11-3, and II-4, as described (31) .
Genomic DNA was isolated from leukocytes or an amniotic fluid cell line (infant 11-4) as described by Sahr et al. (32) . RNA was isolated from hemolysates of anticoagulated peripheral blood as described (33) . cDNA was prepared from total RNA by reverse transcription as described by Tse et al. (33) . nRBC, nucleated red blood cells; Hct, hematocrit. electrophoresis or oligonucleotide purification column chromatography (Applied Biosystems). The sequences of the primers used in PCR and sequencing are: a-spectrin, exon 2: 5'-CGTGAATTCTGAGAACT-AGCAATTAACAG-3' (sense, intronic), 5'-CGTGGATCCCCATT-AACATTAACATAAAG-3' (antisense, intonic); /3-spectrin exons 30+31: 5 '-GCGAATTCAGGAGTGAACGATTGGGTGCT-3' (sense, intronic), 5 '-CGAAGCTTGGTCCCAATGTCAGGT-3' (antisense, intonic); and fi-spectrin, exon 32:5 '-GCGAATTCGCAGGAGGCTCTG-GCCT-3'(sense, intronic), 5'-CGAAGCTTGCGCAGCTCATCTCGC-CT-3'(antisense, intonic). Subcloning and sequencing of PCR-amplified cDNA and genomic DNA were completed as described (16, 32) .
PCR-based mutation detection. Oligomer primers were synthesized corresponding to the sequence of /3-spectrin cDNA. The sense primer was designed with the dinucleotide GG substituted for the normal AT at positions -4/-5 from its 3' end corresponding to codon 2018 of fl-spectrin mRNA, 5 '-GGTGTGCCAGTTCTCGAGGGGGGCC-3' (sense, exonic; cDNA positions 6125-6149). After PCR with a downstream antisense primer, 5 '-CTGTfCCCTGCTCACCGTGGTG-3' (antisense, intronic), an Apal site, GGGCCC, will be created at codon 2019 (the site of the nucleotide substitution) only if the mutant allele is amplified ( Fig. 1 B) . Digestion of amplification products with ApaI followed by agarose gel electrophoresis allowed determination of presence or absence of the mutant spectrin Providence allele in genomic DNA.
Analysis of recombinant f3-spectrin peptides Construction of [3-spectrin expression plasmids. The prokaryotic expression vector pGEX-2T was used to generate recombinant ,/-spectrin peptides for spectrin self-association assays (34). Plasmid pGEX-2T,328
contains the cDNA encoding the COOH-terminal -40% of the normal /l-spectrin chain (35) ; the encoded recombinant peptide has been shown to associate with both native a,/ spectrin dimers and with the 80-kD aI domain peptide of a spectrin at levels comparable with that of native / spectrin (36) . To incorporate the spectrin Providence mutation into this expression plasmid, a 369-bp fl-spectrin gene fragment encoding the 123 COOH-terminal amino acids of , spectrin, including the spectrin Providence mutation, obtained from PCR-amplified cDNA of the mother, was substituted by use of convenient restriction endonuclease sites into pGEX-2T,628, yielding the expression plasmid pGEX-2Tf328P. Nucleotide sequencing confirmed the presence of the mutation at codon 2019 as well as the absence of PCR-induced sequence alterations in the cDNA insert of the plasmid. Preparation of proteins. Recombinant proteins were expressed in bacteria and purified as described previously (35, 36) . Native a/3 spectrin dimers were purified from human erythrocyte ghosts by extraction at low ionic strength. The 80-kD a-spectrin univalent peptide was obtained by limited tryptic digestion of native spectrin by immunoaffinity purification using a monoclonal antibody (mAb II D2) bound to Sepharose (36) . All proteins were further purified by HPLC using 2 7.5 x 300 mm Sephrogel-TSK G3000 gel filtration columns (Pharmacia LKB Biotechnology, Inc., Piscataway, NJ) in series. '25W-labeling of the 80-kD fragment of a spectrin was performed by the lactoperoxidase method using Enzymobeads (Bio-Rad Laboratories, Richmond, CA).
Spectrin self-association assay. Both the 6328 and 6I28P fusion proteins were assayed for their ability to associate with the univalent 80-kD peptide by ligand affinity chromatography (36) . Bound, labeled ligand was estimated by scanning densitometry of autoradiograms and by counting in a y-scintillation counter.
Results
Mechanical stability of erythrocyte membranes
The mechanical stability and rigidity of erythrocyte membranes were examined using an ektacytometer. Ektacytometric measurements of mechanical stability of membranes derived from erythrocytes of both parents and one live-born child are shown in Fig. 3 . The rate of decline of DI (a measure of mechanical stability) of membranes from all three subjects was much faster Both sections reveal extensive extramedullary erythropoiesis, as shown by the multiple nucleated red blood cells.
than that of normal membranes, implying a marked decreased in mechanical stability of these membranes. As shown in Fig.  3 , the observed decrease in mechanical stability of these membranes was intermediate between membranes of erythrocytes from a heterozygous individual with an a-spectrin gene mutation causing nonhemolytic HE and those from an individual doubly heterozygous for two different a-spectrin gene mutations causing hemolytic HE or HPP (37) . Membranes from all three subjects were also abnormally rigid, compared with normal membranes, their membrane dynamic rigidity was increased two-to threefold (data not shown).
Studies of erythrocyte membrane proteins
Qualitative and quantitative analyses of erythrocyte membrane proteins. One-dimensional SDS-PAGE analyses of erythrocyte membrane proteins from the mother, father, and infant II-6 were qualitatively normal (data not shown). Quantitative analysis of spectrin content, measured by the ratio of spectrin/band 3, was normal in the mother (0.97), the father (1.17), and infant II-6 (0.97), compared with a normal control (1.04). Limited tryptic digestion ofspectrin. After limited digestion with trypsin followed by two-dimensional gel electrophoresis, normal spectrin can be resolved into five a and four / major proteolytically resistant domains (29, 38, 39) . The amino terminus of a spectrin, the 80-kD aI domain, interacts with the carboxy terminus of /3 spectrin, the 28-kD /I domain, to form the binding site for spectrin self-association. Limited tryptic digestion of spectrin followed by two-dimensional fractionation using SDS-PAGE and isoelectric focusing ( Fig. 4) Resealed ghosts prepared from normal and mutant red cells were subjected to shear stress in an ektacytometer, and the decline of DI was measured as a function of time. The rate of DI decline is a measure of membrane mechanical stability. Red cell membranes from both parents and one child (II-5) heterozygous for spectrin Providence fragmented more rapidly than normal membranes. The fragmentation curves of these membranes were intermediate between those previously reported for nonhemolytic heterozygous HE and for hemolytic elliptocytosis due to homozygous HE or HPP associated with mutations of the a-spectrin gene. terminus of a spectrin or, more rarely, with structural defects of the carboxy terminus of P spectrin (19) .
Spectrin self-association assays. Studies of spectrin selfassociation were performed using spectrin extracted from erythrocytes under conditions of low ionic strength at 4°C. The increased amount of spectrin dimers compared with tetramers obtained in extracts of the parent's erythrocyte membranes (Table III) indicates a moderate degree of impairment of spectrin self-association in these individuals. In general, the severity of impairment of spectrin self-association parallels the clinical severity of patients with HE or HPP (15, 40) .
Molecular genetic analyses PCR amplification and DNA sequencing. Nucleotide sequence analysis of subcloned, amplified genomic DNA fragments de- The PCR products were subcloned, and individual clones were sequenced. In approximately half of the subclones, a point mutation was detected that changes a serine (TCT) to proline (CCT) at codon 2019 of the /6-spectrin gene.
rived from proband and his mother revealed a single base substitution (TCT to CCT) that changes a serine to a proline at position 2019 of the f-spectrin chain (Fig. 5 ). This mutation occurs at position 40 of repeat 17 within helix 1 of the proposed triple helical model of spectrin repeats (22, 23, 41, 42) , corresponding to position A12 of the crystallographic structure of the spectrin repeat (23) . The majority of mutations of the 80-kD al domain of spectrin occurs in helix three of the proposed model and is often at or adjacent to highly conserved residues of the homologous 106-amino acid repeats of spectrin (18) (19) (20) (21) .
To ensure that other HE mutations frequently associated with the variant al 74-kD peptide were not present in members of the spectrin Providence kindred (see below), we examined the regions of the a-and 63-spectrin genes encoding the selfassociation site that have been associated with this variant peptide, i.e., exon 2 of the a-spectrin gene and exons 30 and 31 of the P-spectrin gene (32, 42, 43) . The nucleotide sequences of all three of these exons were normal in PCR-amplified DNA obtained from both parents and infant 11-4. Detection of the nucleotide substitution by PCR-generated restriction endonuclease site. The authenticity of the spectrin Providence mutation was confirmed by restriction enzyme digestion of amplified genomic DNA. A synthetic, partial artificial Apal site was designed in the sense primer to allow differentiation of mutant (ApaI ) and normal (ApaI-) alleles (Fig. 1 C) . The results of these studies are shown in Fig. 1 B. The mother, father, and two living children, II-5 and II-6, are heterozygous for the spectrin Providence mutation. Three deceased infants, 11-2, II-3, and 11-4, are homozygous for the mutation, as determined by ApaI digestion of PCR-amplified DNA obtained from tissue blocks prepared for pathologic examination. Material was not available from infant 11-1.
Analysis of recombinant /3-spectrin peptides
To further establish that the Providence mutation was directly responsible for the reduced self-association activity, normal (,628) and mutant (,628P) recombinant P-spectrin peptides were assayed in vitro for their ability to bind to the univalent 80-kD aI domain spectrin peptide. Previous results demonstrated that binding of the normal ,B28 recombinant peptide to ,B28 fusion peptide (Kd, 2.93±0.9 MM); triangles (three different assays), mutant ,B28P fusion peptide (Kd, 9.49±4.1 MM); circles, control GST recombinant peptide (no significant binding). Binding data were normalized to unit stoichiometry (B/Bm,,). All experimental points were assayed in triplicate.
the 80-kD peptide is equivalent to that of native spectrin tetramer (36) . As shown in Fig. 6 , the /328P mutant recombinant peptide displayed a threefold reduction in binding affinity compared with the /B28 wild-type recombinant peptide.
Discussion
In many patients with HE and HPP, limited tryptic digestion of spectrin followed by two-dimensional gel electrophoresis has revealed abnormal or enhanced proteolytic cleavage of the 80-kD peptide of the al domain (19) , such as the variant 74-kD peptide present in spectrin digests of members of this kindred. Frequently, mutations are found near the site of abnormal proteolytic cleavage (30) . Most of these structural abnormalities lead to decreased ability of spectrin dimers to self-associate into tetramers and oligomers. The 74-kD variant peptide is most commonly associated with a-spectrin mutations. However, as in this case, mutations in the COOH-terminal region of / spectrin may be associated with the mutant 74-kD peptide (13, 33, (44) (45) (46) (47) (48) (49) (50) . In these latter cases, it has been proposed that abnormal proteolytic cleavage of the 80-kD al domain occurs as a result of the disruption of the coiled-coil interaction present in a fusion triple helical repeat segment created by the association of the ends of the a-and /-spectrin chains (13) .
Previous studies have shown that the extent of decrease in /3-Spectrin Gene Defect and Recurrent Hydrops Fetalis 1179
Nlormal Mutant membrane mechanical stability seen in HE is related to the degree of defective spectrin self-association (37, (51) (52) (53) . The severity of the defect in membrane mechanical stability of red cells heterozygous for spectrin Providence implies that the ability of this spectrin variant to form tetramers and oligomers must be significantly compromised compared with that of other previously identified a-and /i-spectrin mutants. The mechanical dysfunction observed in red cells with spectrin Providence is by far the most severe that has been observed to date in simple heterozygotes for a spectrin variant. As the mechanical stability of red cells of heterozygotes for spectrin Providence is already severely compromised, it is highly likely that red cells of homozygotes for the spectrin Providence mutation would not be able to withstand significant circulatory stress and would thus be extremely fragile and short lived. The markedly decreased ability of recombinant spectrin Providence peptides to associate with the normal aI 80-kD peptide provides additional evidence for this conclusion. Studies of the region of / spectrin involved in spectrin dimer selfassociation, carried out by Kennedy et al. (36) , revealed that the /3-spectrin subdomain involved in self-association consists only of repeat 17 and that the functional integrity of this repeat is highly sensitive to conformational changes. Recombinant peptides truncated in repeat 17 had little ability to interact with a spectrin. A number of naturally occurring cases of elliptocytosis have been reported with /3-spectrin chains truncated in the 17th repeat (33, 46, 47, 49, 50, 54) . Truncation mutations have only been reported in the heterozygous state, perhaps because of the low gene frequency of these mutations and the very low incidence of at-risk pregnancies. One could hypothesize that these truncation mutants would be lethal in the homozygous state. Additionally, the studies of Kennedy et al. (36) revealed that the additional COOH-terminal sequences (i.e., domain III) characteristic of erythroid /3 spectrin (,61UI), the muscle isoform of erythroid / spectrin (,/I12), and /3 fodrin (fill) (a homologous nonerythroid protein) did not alter spectrin selfassociation; only repeat 17 was important. The importance of serine 2019 (residue 40 of repeat 17) is highlighted by its conservation at this position of repeat 17 in all vertebrate /3 spectrins reported to date including human / fodrin (55), canine /3 spectrin (56), murine /3 spectrin (57), and murine / fodrin (58) . Two other amino acid substitutions have been described in repeat 17 of /3 spectrin and both have occurred in the homozygous state: spectrin Kayes2 (A2053P) ( 13 ) and spectrin Cagliari (A2018G) (17) affecting the residue immediately adjacent to that mutated in spectrin Providence (S2019P). Both mutants exhibit findings similar to spectrin Providence. Heterozygous individuals are clinically asymptomatic; their erythrocytes have normal spectrin content and a mild to moderate defect in spectrin self-association. Homozygous individuals exhibit severe hemolysis and anemia necessitating frequent blood transfusions until splenectomy in early childhood; red cells from these individuals exhibit a severe defect in spectrin self-association. In a patient homozygous for spectrin Cagliari, 95% of the spectrin in membrane extracts was dimeric, indicating that the mutant spectrin dimers had almost no ability to self-associate (17) . Low angle rotary shadowing electron microscopy of spectrin isolated from members of the kindred with spectrin Cagliari revealed that mainly dimers, split open at one end, were present in a homozygous proband, whereas normal tetramers were present in a heterozygous parent (17) . These results suggest that the mutant Cagliari spectrin dimers are also incapable of selfassociation.
The identification of a proline substitution in spectrin Providence has important implications. Proline residues are known to severely disrupt a-helices and perturb potential coiled-coil interactions (59) . A number of proline substitutions in spectrin leading to impaired self-association with resultant elliptocytosis have been described (19) . The proline substitution in spectrin Providence most likely impairs both intrachain interactions between helix 1 and helix 2 of the /6-spectrin chain (helix A and helix B of Yan et al. [23] ) at the head of the spectrin dimer, thereby altering the conformation of the a-spectrin binding site, and interchain hydrophobic and ionic interdimer interactions between a and /3 spectrin. In spectrin Cagliari, the only other helix 1 mutation reported, an a-helical destabilizing glycine substitution, probably also disrupts both interchain and intrachain interactions in a similar manner.
As mentioned above, the relative incidence of NIHF is increasing, underscoring the importance of thorough prenatal and postnatal diagnostic testing. Because NIHF may recur, as was the case in this kindred, such studies can have an important impact on future pregnancies. In this case, diagnostic studies were performed over a > 10-yr span, using techniques that were not available when the family first came to attention. Such tools could now provide prenatal diagnosis for this kindred, if desired.
Thorough followup of abnormal findings should be performed in cases of NIHF. In this kindred, the discovery of extramedullary erythropoiesis at autopsy directed further investigation into a possible hematologic cause of the hydrops fetalis. When NIHF is suspected to be due to a hematologic cause, and workup for the usual etiologies does not reveal the diagnosis, specialized studies, such as analysis of proteins of the erythrocyte membrane, should be pursued.
In summary, spectrin Providence, in the homozygous state, is associated with fatal hydrops fetalis secondary to severe hemolytic anemia. This anemia is probably due to the markedly reduced ability of spectrin dimers to self-associate into tetramers and higher order oligomers. As a result, the red cell has a membrane that is so unstable that it is not to be able to withstand normal circulatory stress. The presence of a-thalassemia trait in the father (Table H ) raises the possibility that the severe phenotype of this disorder may be due to the combination of homozygosity for spectrin Providence with heterozygosity for a-thalassemia trait. However, the absence and very low level of hemoglobin (Hb) Bart's in cord and fetal blood samples of hydropic infants 11-3 and II-4, respectively (Table H) , rules out a significant role for a-thalassemia trait as a genetic modifier of the severity of the /l-spectrin gene disorder.
2. This /3-spectrin variant has been retrospectively named according to the city of origin of the family in agreement with Dr. M. Garbarz and Dr. D. Dhermy.
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